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Abstract— Water is life and every living thing depends on it for existence. Sachet water has gradually become the most widely 
consumed liquid in Nigeria with varying qualities. This study investigates the temporal variation in water quality of Sachet water 
produced in Ogbomoso, Oyo State. Ten (10) brands of sachet water from Ogbomoso South and North Local government area were 
collected within 24 hours of production and stored at standard room temperature and conditions. Sub-samples were drawn from the 
stock samples on daily basis for physico-chemical measurements on the water samples Temperature, pH, colour, turbidity, Hardness, 
Total Alkalinity, Dissolve Oxygen (DO), Biological Oxygen Demand (BOD), Electrical Conductivity (EC) and Nitrate             
                                                                                                                             
           -        C, (7.96 - 8.80) and (20-70) Hazen, respectively. The Total hardness EC and DO and BOD values varied from (45-
105)mg/l, (11 - 184)µs, (2.83 - 12.24)mg/L and (18.2 - 28.4)mg/l, respectively. Shelf life for the selected sachet water in Ogbomoso is 
12 weeks from the date of production under laboratory condition with partial exposure to sunlight.  
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——————————      —————————— 
1 INTRODUCTION                                                                     
ost people living in the major cities of Nigeria do not 
have access to pipe borne water, probably due to un-
availability or inadequacy of potable water. People, 
therefore, resort to the more costly alternative of buying wa-
ter from vendors; sachet or bottled water became a major 
source of drinking water (Omalu et al., 2010). Sachet water, a 
brand of packaged water has, therefore, gradually become 
the most widely consumed liquid for both the rich and the 
poor in Nigeria. It is the brand of choice to everyone because 
it is a cheaper alternative to the bottled brand, considered to 
be the refreshment of the affluent. Hygiene, purity, tastes, 
and, most importantly, safety is probably amongst various 
reasons for sachet water consumption. Unfortunately, the 
problems of its purity and health concerns have begun to 
manifest (Oladipo, et al., 2009). 
Sachet water is not completely sterile; it may not be entirely 
free of all infectious microorganisms. The potential danger 
associated with sachet water is contamination, which is a 
factor of the source of the water itself, treatment, packaging 
materials, dispensing into packaging materials and closure 
(Omalu et al., 2010). Under prolonged storage of packaged 
water at favorable environmental conditions, total aerobic 
heterotrophic bacteria can grow to levels that may be harm-
ful to humans. Total aerobic heterotrophic bacterial counts 
are sensitive and practical indicators of water treatment effi-
ciency as well as after-growth and biofilm formation. Some 
of the total aerobic heterotrophic bacteria have been identi-
fied as opportunistic pathogens. (Prakash et al., 2008). 
These microorganisms can be found in source waters and in 
treated drinking water. Thus, consumption of water contain-
ing large numbers of total aerobic heterotrophic bacteria can 
lead to diseases such as gastroenteritis and mucous mem-
brane infections particularly in persons whose immune sys-
tems are compromised by AIDS, organ transplantation or 
chemotherapy. The physical and chemical contaminants can 
easily be prevented at the pre-production stages, but the 
microbial contaminants need a disciplined effort sustained 
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 by a high level of hygienic sanitation (Aroh, 2006; Olaniyan, 
2016). Generally, the application of Good Manufacturing 
and Automated Process (GMAP) guidelines will reduce to 
the bearest minimum the level of defects found in such 
products. Most impurities in packaging water originate from 
the raw water, but may persist in the purified water due to 
poor or inadequate purification techniques. Extrinsic con-
taminants however emanate from the environments in 
which the water is produced. The macro-environment con-
sists of the production and filling atmosphere, operatives, 
and the processing equipment, while the micro-environment 
involves that provided by the primary water container 
(Omalu et al., 2010). 
Water is one of the indispensable resources for the contin-
ued existence of all living things including man. The provi-
sion of an adequate supply of safe drinking water was one 
of the eight components of primary health care, identified by 
the International Conference on Primary Health care (Edema 
et al., 2001). The changes in physical characteristics like tem-
perature, turbidity, suspended solids and chemical charac-
teristics of water such as dissolved oxygen, chemical oxygen 
demand, nitrate and phosphate provide valuable infor-
mation on the quality of the water. The existence of elevated 
levels of elements and organisms in drinking water consti-
tutes poor water quality, which is a recipe for disease out-
breaks ((Mustapha, 2008). 
Although water-related diseases have largely been eliminat-
ed in wealthier nations, they remain a major concern in 
much of the developing world (Horward et al, 2003). The 
most dangerous form of water pollution occurs when faecal 
contaminants enter the water supply. Pathogens such as 
Salmonella species, Shigella species, Vibrio cholera and 
Escherichia coli being shed in human and animal faeces ul-
timately find their way into water supply through seepage 
of improperly treated sewage into ground water and other 
sources of drinking water. The minimum infectious dose, 
which represents the smallest number of ingested pathogens 
necessary to cause disease, for the average healthy adult 
varies widely for various microorganisms. This dose ranges 
M 
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from just a few organisms for Salmonella typhi to produce 
typhoid, several hundred organisms for Shigella flexneri to 
cause dysentery, several million cells of Salmonella serotype 
needed to cause Gastroenteritis, to as many as a hundred 
million cells of Vibrio cholera needed to produce Cholera 
(World Health Organization, 2006). The minimum infectious 
dose also varies by the age, health, and nutritional and im-
munological status of the exposed individual. The infective 
doses are appreciably lower for debilitated, sick and elderly 
than for the general adult population (World Health Organ-
ization, 2006). 
Colour in water systems may be the result of the precipita-
tion of soluble iron or manganese when they react with dis-
solved oxygen, chlorine disinfectant, and other oxidizing 
agents during water treatment. Conductivity is therefore an 
indirect measure of the total dissolved solids (TDS) content 
of water, and there is usually an approximately linear rela-
tionship between TDS and conductivity. Increasing conduc-
tivity over time in water indicates that one or more inorgan-
ic constituents are also increasing and this situation should 
trigger further investigations (World Health Organization, 
2006). The turbidity of water is the reduction of transparen-
cy due to the presence of particulate matter such as clay or 
silt, finely divided organic matter, plankton or other micro-
scopic organisms. Dissolved oxygen is an important indica-
tor of water quality. This is due to its importance as a respir-
atory gas, and its use in biological and chemical reactions. 
Dissolved oxygen in water primarily affects oxidation-
reduction reactions involving iron, manganese, copper and 
compounds containing nitrogen and sulphur (Mustapha, 
2008). 
2 METHODOLOGY 
2.1 Sampling Procedure 
Reconnaissance survey was carried in Ogbomoso and five 
major sachet water manufacturing companies from Ogbo-
mosho North and South were selected. The geographical 
location of the sachet water factories were presented in Ta-
ble 1. The water samples were partially exposed to sunlight 
in Water and Environmental Engineering Laboratory, 
Ladoke Akintola University of Technology Ogbomoso Oyo 
State Nigeria. 
2.2 Laboratory Procedure 
The tests carried out were physical and chemical/ biological 
parameters. The physical tests are; temperature, colour, 
odour, turbidity, while the chemical/biological parameters 
include; pH , Nitrate hardness, electrical conductivity, bio-
chemical oxygen demand, and total alkalinity. Temperature 
was determined through the use of thermometer and conical 
flask. The sample was poured into the conical flask. The top 
of the clinical thermometer was allowed to touch the sam-
ple. The temperature of the samples was measure and rec-
ord in centigrade.The value of pH was determined through 
the use of glass electrode, pH meter, conductivity meter, 
50ml beakers and distilled water. The pH meter probe was 
rinsed with distilled water and standardized with buffer 
solution of known concentration. Aliquot sample was 
poured into beaker to allow the pH probe to be fully im-
mersed. The pH meter value was recorded. 10ml of each 
sample was measured in the glass bottle given. The sam-
pling bottle was placed in the color test machine which was 
already calibrated to determine the values. Electrical con-
ductivity was determined by rinsing the cell with distilled 
water and standardize with 0.1m of potassium chloride. 
Thereafter, take an aliquot sample whose level must be 
above the vent holes in the cell and, read sample conductivi-
ty. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Total hardness was determined by titration with EDTA at 
pH 10.00, using a NH4Cl /NH4OH buffer and a colorimetric 
detection of the equivalent point. This EDTA titration with a 
potentiometric determination of the equivalent point by 
means of a ion-selective electrode was used. Total Alkalinity 
was determined Hach Field Alkalinity Kits. Nitrate was de-
termined using checker disc, light source and colour test 
window. Standardized turbidimeter (1 - 10NTU graduated) 
was used to measure turbidity. 
  Dissolve Oxygen (DO) were determined on each of the 
samples using multi-parameter data logger (HANNA model 
H1991300, Hanna Instruments, Singapore) according to the 
prescribed standards by the World Health Organization 
(W.H.O, 2006). The ratio of difference in DO values to volu-
metric fraction of sample used was computed as Biochemi-
cal Oxygen Demand value. 
 
Table 1: Geographical Description of the Sachet Water 
Factories 
 
Note: pw (pure water) 
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3 RESULTS AND DISCUSSION 
Color determination values obtained for the sachet water 
samples are as presented in Table 1. The values of color re-
mained zero (0) unit throughout the first three months, due 
to the fact that the sachet water samples have all been treat-
ed for consumption. The sachet water begins to have values 
for colour from the fourth month. The temperature values 
ranged from (28.3 - 30.5)                    C). The tempera-
ture values obtained throughout the investigation period fall 
within the optimal growth range for mesophilic bacteria 
including human pathogens. According to World Health 
Organization, the permissible limit for the temperature of 
water is (24.5 – 39.7) oC. The temperature of the sachet water 
samples under investigation all fell within the permissible 
limit of W.H.O. 
Turbidity in water is caused by suspended particles or col-
loidal matter that obstructs light transmission through the 
water. It may be caused by inorganic or organic matter or a 
combination of the two. The values of turbidity remained 
zero (0) NTU throughout the period under investigation, 
due to the fact that the water samples have been treated for 
consumption. The permissible limit for turbidity according 
to W.H.O is 5.0 NTU, which means the sachet water samples 
under investigation satisfied the W.H.O requirement. The 
pH value of the sachet water samples is presented in Table 
2. The pH values varied from (7.96 - 8.80) for the period of 
investigation with an average (8.38) throughout the investi-
gation period.  It is a measure of the hydrogen ion (H+) con-
centration in water. The lower the pH value the more acidic 
the water, and the higher the pH value the more alkaline the 
water. At pH levels of less than 7.0, corrosion of metallic 
water receptacles may occur, releasing metals into the drink-
ing water. The toxicity of metals is dependent on their solu-
bility and on the presence of different types of anions and 
other cations. This is undesirable and can cause health con-
cerns if concentrations of such metals exceed recommended 
limits. pH is important as an operational parameter, particu-
larly in terms of the efficacy of chlorination or optimizing 
coagulation. At pH levels above 8.0, there is a progressive 
decrease in efficiency of the chlorine disinfection process. 
Total hardness concentration ranged from (45 – 105) mg/l 
throughout the period under investigation as presented in 
Table 3. Sample pw8 has the lowest value of 45mg/l while 
samples pw3, pw4 and pw5 had the highest value of 105 
mg/l. A high value of hardness in these samples may be 
attributed to the deposit of calcium and magnesium which 
are mainly found in minerals like limestone, chalk and do-
lomite. All samples conformed to both WHO and EPA 
standards. Hard drinking water is generally not harmful to 
o  ’s h  lth, but c   pos  s   ous p obl m      dust   l s t-
tings, where water hardness is monitored to avoid costly 
breakdowns in boilers, cooling towers and other equipment 
that handles water. The hardness of water is caused by dis-
solved polyvalent metallic ions principally calcium and to a 
lesser extent magnesium. Public acceptability of the degree 
of hardness of water may vary considerably from one com-
munity to another depending on local conditions and in 
some instances; hardness in excess of 500 mg/L is tolerable 
(Putz, 2003). Hard water may assist in strengthening bones 
and teeth because of its high calcium concentration. It may 
also decrease the risk of heart diseases. Drinking water 
hardness must be above 8.4 mg/L (Putz, 2003). Depending 
on the interaction with other factors such as pH and alkalini-
ty, water with hardness above approximately 200 mg/L 
may cause scale deposition in the distribution system and 
may result in excessive soap consumption and subsequent 
“scum” fo m t o   
The Electrical Conductivity (EC) of all samples decrease as 
the time increases except for sample 5 (pw5) as shown in 
Table 4. This may be due to varying dissolve substances and 
their concentrations. Conductivity (Specific Conductance) is 
the ability of the water to conduct electricity. Contrary to 
popular belief, pure water will not conduct electricity. This 
property is related to the total concentration of the ionized 
substances in water. The temperature at which the meas-
urement is made, the nature of the various dissolved sub-
stances, their actual and relative concentrations and the ionic 
strength of the water sample vitally affect the conductivity. 
Conductivity is therefore an indirect measure of total dis-
solved solids (TDS) content of water, and there is usually an 
approximately linear relationship between TDS and conduc-
tivity. Increasing conductivity over time in water indicates 
that one or more inorganic constituents are also increases. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 1: Monthly Average of Variation in Colour  
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The values of BOD and Dissolve Oxygen (DO) are presented 
in Table 5. The values of Biochemical Oxygen Demand 
(BOD) at days 0 and 5 days from February to May, 2016 in-
creased from (18.2 - 28.4) mg/l. When the chlorine used in 
water treatment is totally dissipated in the presence of tem-
perature, sunlight and heat, the water developed to an ex-
tinction point where bacteria and algae start to grow and 
multiply. This is because the reaction between the water 
oxygen in the presence of sunlight and heat has increased. 
This leads to the formation of a nutrient rich environment 
for the growth of the micro-organism and this leads to bad 
tasting compounds such as acetic acid and urea. Dissolved 
oxygen is an important indicator of water quality. This is 
due to its importance as a respiratory gas, and its use in bio-
logical and chemical reactions. Dissolved oxygen in water 
primarily affects oxidation-reduction reactions involving 
iron, manganese, copper and compounds containing nitro-
gen and sulphur. The dissolved oxygen content of water 
depends on its source, temperature, chemical and biological 
processes taking place in the water distribution system. 
However, large declines in dissolved oxygen in water could 
indicate high levels of microbiological activity, and should 
trigger further sampling for microorganisms. No guideline 
value is recommended because the acceptability of low lev-
els of dissolved oxygen depends on the presence of other 
water constituents. 
 
 
 
 
 
Table 2: Monthly Average of Variation in pH 
 
Table 3: Monthly Average of Variation in Hardness 
 
 
Table 4: Monthly Average of Variation in Electrical Conductivity 
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National Agency of Food, Drug, Administration and Control 
(NAFDAC) is a major key player in sachet water business to 
register and monitor foods and drink production companies 
in Nigeria. All the Sachet water studied display their 
NAFDAC registration number with blank spaces for Pro-
duction and Expiry date. Consumers hardly look for the 
expiry date but majorly conscious of the turbidity status of 
the water. 
4 CONCLUSION AND RECOMMENDATION 
4.1 Conclusions 
The following conclusions were made based on the results 
obtained in this study 
i. The analytical results revealed that there is tem-
poral variation in values of temperature, pH, elec-
trical conductivity, hardness, and turbidity. Alt-
hough, all these values remained within the permis-
sible limit of W.H.O throughout the period under 
investigation. 
ii. The values of colour remained zero (0) unit until the 
4th month of analysis, and nitrate remained stable 
under the permissible limit of W.H.O throughout 
the six (6) months of analysis.  
iii. It is safe to conclude from the present study that sa-
chet water is safe for drinking until the third month 
after the date of production, when partially exposed 
to sunlight  
 
4.2 Recommendations 
The following Recommendations were made based on the 
results obtained in this study 
i. Sachet water is no longer safe for consumption after 
the first three months of production, hence people 
should be discouraged from consuming them. 
ii. Packaged water factories should be mandated by 
NAFDAC and other regulatory bodies to print the 
production and expiry dates of their water on their 
sachets, so as to appropriately guide consumers 
and prevent communicable diseases. 
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